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INTRODUCTION

The house fly, Musca domestlca L.

(Muscidae)

is probably the most familiar Insect In the world.

Its

distribution is cosmopolitan and Its ability to survive
and multiply is greatly enhanced by the changes In the
environment brought about by man and his way of life.
Matheson (1950) states that house flies affect
the health of man and animals in the following ways:

(1)

by their annoying habits they irritate and reduce the
vitality of man and animals,

(2) by mechanical transmis¬

sion of pathogenic bacteria, protozoan cysts, and helminth
eggs to man*8 food, his health is endangered,

(3) by in¬

gesting bacteria, protozoan cysts, and helminth eggs
and transmitting these pathogens to man’s food by means
of feces or regurgitation spots, and (4) by serving as
intermediate hosts in the life cycle of certain helmin¬
thic parasites.
The introduction of DDT (l-trichloro-2,2-bis(pchlorophenyl) ethane) with its great efficiency against
the house fly and its great initial success, seemed to
promise that the future would be relatively free of
•

flies.

»

However, a few years of use of this Insecticide

brought to light a situation, the phenomenon of resistance
ijt,

to DDT, which modified this fly-free future.

2

Resistance to an Insecticide is not new.

It

was first brought to light by Melander (1914) in re¬
lation to the failure of llrae-sulphur to control San
Jose scale in an area where that material had previously
given excellent control.

Since that time resistance

has appeared in connection with thirteeen other Insects.
This is historically reviewed by Babers (1949).
The term resistance, as used in this paper,
refers to an characteristic of a population of house
flies, not to a characteristic of an individual insect.
When a light dose of a toxicant is applied to a popula¬
tion, a few insects are killed.

The Individual tolerance

of the majority of the insects, therefore, is above the
dosage applied.
few survive.

When a heavier dose is applied, only a

The individual tolerance of the majority

of the insects is below the dosage applied.

If the com¬

position of the population is so altered that the number
of individuals silled by a heavy dose is greatly decreased
and thus, the individual tolerance of most of the insects
is above this heavy dosage; we have a resistant popula¬
tion.
•

*

In the field, DDT has failed to control flies in
places where it had previously been satisfactory.

In the

laboratory, selective breeding has produced strains which
have proven highly resistant to DDT.

OBJECTIVES
The investigation with which this paper is
concerned had two objects.

The first was to apply

DDT to different areas of the body of the fly to deter¬
mine whether the body wall varies in selectivity for
the insecticide and whether and to what degree, any
variation could be of any significance in the problem
of DDT resistance.

The second object was to observe

the effects of temperature and moisture on the sus¬
ceptibility of the flies to DDT as measured by mortal¬
ity.
REVIEW CF LITERATURE
Historical review of resistance of the house fly to DDT.
Mlssiroli (1947) reported that DDT gave poor
results In fly control in Naples, Italy in the years
1945 and 1946.

He stated that this

sistance to the insecticide.

as due to their re¬

Sacca (1947) also reported

thst flies resistant to DDT were present in the Tiber
Valley of Italy.

He was of the opinion that he was

dealing with a variety of the house fly and proposed the
name !!usoa domestics var. tlberlna.

King and Gahan

(1949) comment that since no morphologic distinctions
were given, thlB name is probably not valid.

- 4 -

Perhaps no small part In this development of
resistant strains of flies was played by the Allied
Armed Forces.

In the interests of health, DDT was

used early and continuously over large areas against
insects of medical importance including flies.
practice would, of course,

This

favor any process of

natural selection and since the program was initially
spectacular it would provide a great contrast to sub¬
sequent failure.
Wiesmann (1947) in Switzerland, compared flies
from Arnas, Sweden with his Basle laboratory strain.
This was done as a result of reports that,

in 1946,

flies were hard to control at various points in north¬
ern Sweden.

This situation was particularly true at

Arnas which is approximately 600 miles north of Stock¬
holm.

The Arnas flies were significantly more resis¬

tant to the insecticide and reacted differently to
heat, cold and narcosis.

At 45 and 50° C. the Basle

strain succumbed to heat torpor more readily than did
the Arnas strain.

At 12° C. 18 per cent of the Arnas

strain became torpid due to cold in 3 hours, while only
42 minutes were required to produce torpor in 100$ of
the Basle flies.

The laboratory (Basle) strain was

more rapidly affected by methyl acetate than the Arnas

5

strain, but recovered In half the time.

Also, the Arnas

flies differed norphologically fro® the Basle strain.
The legs were much more pigmented,

the tarsal bristles

much stlffer, the differences in the sizes of the tar¬
sal Joints were less pronounced, th© tarsal Joints wider,
and the cuticle of the pads and articular membranes of
the tarsal Joints was one-third thicker.

These morpho¬

logical differences accompanied by physiological differ¬
ences suggested to Wiesmann that he was dealing with
different races.

He also stated that the differences

in resistance to DDT were associated with differences
In the tarsi.
In the United States, Barber and Schmitt (1948)
first reported flies resistant to DDT from a year-round
resort hotel In Sllenville, N.Y.

Five residual sprays

of D^T had failed to control an outbreak of files during
the period fro® late February to April.

Their Ellenvilie

line was established from flies from this hotel kitchen.
These flies were highly resistant to technical DDT, pp'
Isomer of DDT and TDK (DDD).

They were less resistant
»

to Kethoxy DDT, and showed no resistance to Toxaphene,
Jhlordane, farathion, gamma leomer of benzene Hexachlorido, and tetraethyl pyrophosphate.
This breeding stock was not exposed to DDT after

-

collection.
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Further studies have shown that these flies

t

were resistant in the tenth and eleventh generation after capture, although to a noticeably less degree (Bar*

ber and Schmitt 1949).
•

.*

They further noticed that the

*

flies were able to recover from knockdown and live the
normal life span and produce normal offspring.
March and Metcalf (1949) reported on tests car¬
ried out with four strains of flies of varying levels
of resistance reared from cultures obtained from vari¬
ous spots in southern California.
strain, was highly resistant.

One, the Bellflower

Chemical and biological

tests showed that the DDT was not inferior to that of
former years.

They state that the same degree of

resistance among the various strains was shown by in¬
jection of DDT-acetone solutions, thus demonstrating
•

•

•

that the resistance is not due to the failure of DDT
to penetrate the cuticle.

No data is given on this

last test, however.
King and Gahan (1949) tested lots of flies from
Texas, Georgia, North Carolina, Florida and California
and found them to be more resistant than the laboratory
strain, but less resistant than the laboratory-produced
resistant colony of Lindquist and Wilson (1948).

These

studies established definite resistance in widely sepa¬
rated areas.

High dosages in these tests produced ”sig-
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nifleant, but not high repellency."

The resistant

strain of Lindquist and Wilson (1948) was produced
In the laboratory.

Beginning In 1946, flies of each

generation were exposed to DDT and the survivors were
used for breeding stock.

Fourteen generations of

this selective breeding "produced a strain of flies
more resistant to DDT sprays than were flies from the
regular stock.”

This resistance was lost In about the

same number of generations when some of the resistant
flies were allowed to breed without contact with DDT
(King 1948).
Effects of DPI applied to various areas of the body.
Wiesmann (1947) working with the Arnas strain
reported that different knockdown times resulted when
various parts of the body were treated with DDT (Table
I).

This difference in knockdown time ranks the rela¬

tive susceptibility of the different parts of the body
to DDT.

Or, considering it from another side, the time

differences show the relative period of time necessary
for a knockdown dose to enter at that site.
Wiesmann (1946) also tested adult Calllohora ,
vomltoria and other insects.

On the calllphorids he

found that touching the sense organs on the veins of the
wings with DDT emulsion produced reaction, the reaction
time varying as the distance from the base of the wing.

Applications on other parts of the veins and the mem¬
brane had no effect.

Reaction also was produced by

touching the proboscis, genae, antennae, halteres and
intersegmental skin of the abdomen.

None was produced

by touching the upper side of the thorax, the sternites
and tergites of the abdomen, or the compound eyes.

He

attributes the foregoing to the presence of great amounts
of 9clerotin in the impermeable areas and the paucity or
lack of sclerotin plus presence of lipoids at the sus¬
ceptible areas.

Table I
Knockdown Time without Recovery due to
Topical Application of 1% DDT In Acetone.
(Derived from Wiesmann (1947)).

Basle

Arnas

Head

18 min.

460 min.

25 x

Wings

17

M

160

"

10 X

Thorax

10

"

197

"

20 X

Abdomen

10

••

130

rt

13 x

Tarsi

4

M

102

"

25 X

Coxae

3

H

21

M

7 X

Degree of
Resistance

10

-

Witt believes that DDT does not enter through
thick cuticular plates, but through the cutlcular artic¬
ulations, spiracles, and sense organs (Metcalf 1948).
David (1946) found that house flies and yellow
.**

fever mosquitoes (Aedes aeRvotl) flying through finely
divided insecticidal mists picked up 3-4 times as much
insecticide on the wings as on the body.

This was

measured by a colorimetric method, by which the spray
from the wings and body, dyed with a known quantity of
Sudan III, was extracted and these solutions compared
to prepared standards.

Droplets of spray were found on

both sides of the wings, but tended to be more numerous
at the tips and at the posterior margins.

By dividing

a lot of treated flies into two parts and removing the
wings of half of them within 10 minutes of exposure,
he demonstrated that the insecticide on the wings con¬
tributes materially to the death of the house flies.
The mortality of the flies with clipped wings was 36$
while that of the flies with normal wings was 82$.

Since

the legs of these flies were free, cleaning processes very
likely transferred considerable amounts to the legs and
other parts of the body.

However, David states that

more recent incomplete Investigations indicate that DDT
penetrates the wings to some extent.

-
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Influence of physical factors on action of DDT.
Gunther (1945) says that users should not expect
too much from DDT under extreme summer conditions.

As

a basis he cites unpublished data of Lingren, D.L.,
Univ. of Calif. Expt. Sta., Riverside, which shows that
DDT lost its residual effect quickly under conditions
where leaf temperature went up to 125° F. and fruit
temperature up to 135° F.

This ineffectiveness, Gunther

says, could result from dehydrochlorinatlon of DDT to
DDD and to other less toxic substances.

In the field

these changes could be catalyzed by ultra-violet light
(Gunther 1945).
Fan et al.

(1948) report that highly susceptible

arthropods showed either a positive or negative tempera¬
ture coefficient for mortality as a function of DDT con¬
centration.

They state that a^higb concentrations this

coefficient is positive and at low concentrations it is
negative.

Using Aedes aeRVotl and Chaoborus larvae im¬

mersed in dilute DDT solutions, they found that at high
concentrations, 50# mortality was achieved in less time
as the temperature Increased (positive coefficient).

At

low concentrations 50# mortality occurred after a greater
time as the temperature increased (negative coefficient).
On injection the coefficient was always positive.

The

fact that the coefficient can be either positive or
negative in the case of external treatment and is only
positive on injection indicates that the body wall is the
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governing factor.

Fan et al. state that the negative

coefficient could be explained;

(1) by the fact that

cuticle concentrates DDT by absorption processes,

(2)

that the cuticle becomes more permeable at lower tem¬
peratures, or (3) that hypothetical receptive surfaces
at the cuticle-cell Interface have their resistance to
DDT greatly lowered.
Lindquist et al.

(1945) state that house files

are knocked down much more quickly at 70° F. than at
higher temperatures.
They also exposed lots of flies at 70° F. and
95° F. and split each lot, holding groups at 70, 80, 90,
and 100° F.

Although there was little difference in the

mortality of those exposed at the two temperatures, in
each group (70 and 95° F.) the mortality was less as
the holding temperature was increared.

Thus, the im¬

portant influence took place not when the DDT was being
picked up, but during the holding period.
Lindquist et al.

(1945) further reported that

flies could be revived after being knocked down at 70° F.,
by transferring them to a higher temperature.

These

»

flies could be alternately knocked down and revived
for some time before death occurred.
ported a similar phenomena.

Hurst (1949) re¬

He exposed Oalllphora lar¬

vae at 36° C. for 2 hours with no apparent affect. They
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were then moved to 20° C. and paralysis resulted.
to 36° C. brought about revival.

Return

In both cases, lower

temperature during the action period of the DDT favored
Its action.
Dustan (1947) working with Platella macullpennls
(Cut.) and Phylotaenla rublgalls (Guen.) found that mor¬
tality from either contact or stomach action of DDT
dropped with a rise In temperature.
Pradhan (1949) believes that most of the appar¬
ently conflicting observations may be reconciled through
the following basic generalizations:
M(l) That Insect resistance to poisons is affected by
temperature In essentially the same manner as all other
Insect activities, l.e. there is an increase of reelstance with temperature up to a certain degree and then a
decrease with any further rise of temperature.
(2) That the amount of poison reaching the site of action
in a unit time is also affected by temperature, but in
various ways depending on circumstances.

Generally,

this amount increases with temperature but the reverse
—

•

j

»

can also take place. The exact steps through which this
increase or decrease Is brought about must be complex,
but insect activity which Increases with temperature has
obviously much to do with it.

Thus for example, increased
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locomotor activity appears to Increase the pick-up of
DDT from a film and increased respiratory activity ap¬
pears to increase the amount of poison fumes entering
the tracheae; on the other hand increased silk spinning
of P. macullpennls larvae appears to decrease the pick¬
up from DDT film,
(3) The apparent rise or fall in toxicity with increase
in temperature is determined by the above factors,
namely resistance and pick-up,rt
Dakshinamurty (1948) studied the effect of tem¬
perature and moisture on the behavior of the house fly.
He concluded that the greatest activity took place un¬
der conditions of high temperature and low relative
humidity.

Least activity took place when both tempera¬

ture and relative humidity were high.

Intermediate

activity was observed when temperature was low,
tive of relative humidity.
and 18° C.

irrespec

His temperatures were 35° C.

With each of these he used 90 and 20$> R.H.

Entry of DPT into the body.
Richards and Cutkomp (1946) immersed representst
»

ives of various phyla into dilute DDT solutions.

They

demonstrated that arthropods and certain Coelenterata
were susceptible while members of some other phylla were
not.

The Bryozoa were slightly susceptible.

Those

groups which were affected by the DDT possessed a
chitlnouB cuticle while the Bryozoa have a related
type of cuticle.

They hypothesize that a chitinous

cuticle selectively concentrates the DDT from the
solution and leads to a build up of the substance in
the body.

This susceptibility refers only to the pen¬

etration of the cuticle, and not to the actual action
of the DDT on the tissues.

Once entrance is gained,

DDT is a poison to animals in most cases.
Hurst (1949) treated Calllphora larvae with DDT
in kerosene and got irreversible paralysis.

(The ker¬

osene presumably increased the permeability of the
cuticle.)
Vallance (1947) reports that Hurst noted the
paralellism between insecticidal activity and water
loss through transpiration through the cuticle.

Hurst

says that this dessicating action is due to the displace¬
ment of protective lipid in the cuticle and is analogous
to the action of a fat solvent.

These results form the

basis of Hurst's hypothesis that the insecticidal activ♦

lty of DDT is partially due to the physical association
of the insecticide with the lipids of the cuticle and
internal cell membranes and that the secondary lethal
action is associated with an irreversible change in
structural organization.
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REARING METHODS
The rearing of house flies for these tests was
done by a modification of the Peet-Grady specifications
(Anon. 1949).
Since the tests Involved relatively small num¬
bers of flies, small larval rearing Jars were employed.
The use of carbon dioxide for anesthetizing the adults,
preparatory to securing them on nails for topical appli¬
cation of the DDT, necessitated rigid and easily handled
adult containers.
Cultures.
Three distinct cultures of flies were used.
Each was raised under the following conditions:

32° C.

with saturation deficiencies of 10.0 mm. and 13.0 mm.
and 27° C. with saturation deficiencies of 6.0 mm. and
9.5 mm.

The temperature figures given varied plus or

minus 1° C. except for two readings out of 35 in the
32° chamber which were plus 1.3 and 1.9.

The same vari¬

ations (plus 1.3 and plus 1.9) were the only readings
outside the plus or minus 1° C. range recorded for the
.

•

27° chamber.
The least resistant strain was a laboratory
culture maintained at the University of Massachusetts.
A second strain, more resistant than the labor¬
atory strain, was reared from a few individuals collected
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from a farm at Ellsworth, tfaine which has had no history
of insecticidal treatments.

This culture will be refer¬

red to as the Ellsworth strain.
The third culture was one from the Illinois
Natural History Survey.

It was developed from a DDT

resistant strain which was reared in a methoxychlor
treated environment (Bruce 1950).

It was more resis¬

tant to both DDI and methoxychlor than the strains
developed in environments treated with each insecticide
alone.

Bruce Identified this strain as Multi-I.

Stock culture rearing procedures.
The stock cultures were kept in wooden framed
wire cages 8 x 10 x 13 Inches.

The culture was renewed

each time a lot was reared with sufficient numbers to
maintain a population of 200-300.
The adult food was composed of 1 part evaporated
milk diluted with 2 parts of water and stabilized with
1 part formalin to 1500 parts of milk.

The feeding ves-

sels were Petri dishes with wrinkled paper towels immersed
until wet in the milk.

These towels served as a resting

place for feeding flies and as an oviposltion site for
females.

This procedure Insured batches of eggs, in¬

side the folds, which were protected from dedication.
An ever present supply of milk was maintained.
Every second day the dishes were emptied and cleaned to

prevent build-up of larval populations In the food.
This last is undesirable since it deprives the adults
of food and larvae escaping from this source may pu¬
pate in the temperature cabinets and emerge into the
laboratory.
procedure and handling.
The eggs used for seeding larval media were
those laid the 24 houre following the placing of clean
dishes of milk in the stock cages.
The eggs from random depositions were transfer¬
red to water in an Ehrlenmeyer flask.

Agitation of the

flask washed and separated the eggs, permitting the
viable eggs to settle.

The non-vlable eggs and surplus

water were decanted.
The eggs were measured by volume in a 15 ail.
graduated centrifuge tube.

Approximately 500 eggs, 0.1

ml., were seeded into each batch of larval medium.
Larval rearing.
The larval medium was prepared by placing 1| cups
of crimpted oats in a wide-mouth pint fruit Jan and add¬
ing 1/2 to 3/4 of a cup of water and l/4 cup of 1-2 dilu¬
tion of evaporated milk which had been stabilized with
formalin (1-1500).

The food media was covered with

glass plates to exclude stray flies and permitted to
stand about an hour for absorption of moisture.
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When the medium was ready for use, the 0.1 ml.
of eggs was poured with a small amount of water Into
a l/2 to 1 Inch depression In the oats and covered with
a layer of moist oats to prevent depsicatlon.
The larval rearing Jars were then placed In
#10 cans containing about 2 Inches of dry sand.

These

cans were covered with cheesecloth to prevent entrance
or escape of flies and were placed in the desired tem¬
perature and moisture conditions.

As larvae matured

they migrated from the medium Into the sand for pupation.
Pupal handling.
Three to four days after migration of the lar¬
vae and subsequent pupation the sand was sifted to re¬
move the pupae.

Nearly all of the larvae would have

pupated and were thus readily removed.

These pupae were

put, in lots of about 100, Into 2 inch paper souffle cups
and placed in pint wlde-mouth fruit Jars covered with
cheesecloth.

The Jars were placed in the appropriate

temperature and moisture cabinets.
Adult handling;.
The adult flies were fed by coating the cheese¬
cloth tops of the emergence Jars with the evaporated milk
solution.

This was done morning and evening, and some¬

time during the day.

A feeding consisted of coating the

cloth each time the milk was consumed by the flies, until

V
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•

*

*

*

most of the flies had settled to the bottom of the cage,
4

'

* -

.1

and then recoating the fabric to assure surplus food.
>.•

y

•

f*.

*

The adults were held In this container for three
days following the peak of emergence, thus putting the
. -

* •

1

flies in the age range prescribed by the Feet-Grady
Method (Anon. 1949); i.e., no individual fly less than
three days nor more than six days old.

21

-

TESTING METHODS

When the flies had been held the requisite num¬
ber of days for testing, they were mounted on nail heads
with paraffin in preparation for topioal application.
The paraffin ranged in temperature from 100°-110° C.
when the nail heads were dipped in the solution, but
when the legs of the anesthetized flies were embedded,
the temperature had fallen.

The files were apparently

unharmed, since when freed they responded normally.

When

the anesthetized flies recovered, they were treated with
the DDT and kept at the desired temperature and moisture
conditions for 12 hours, after which results were recorded.
This method of single mounting of the flies ser¬
ved two purposes.

First,

it assured that when the DDT

was applied to a certain area of the body, it was not
translocated or rubbed off by the feet of the insect.
Then two, the insects were stationary and could be readily
observed throughout the testing period.
Anesthesia.
The flies were anesthetized with carbon dioxide
to facilitate mounting in the wax.

The gas was made

from marble chips (calcium carbonate) and hydrochloric
acid in a Kipp generator.

HG1 vapors and other soluble

contaminants were removed by passirig the gas through
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two water filters which were changed frequently*
The flies were transferred from the adult emer¬
gence Jars to a quart wide-mouthed fruit Jar by remov¬
ing the screw top of the emergence Jar, placing the
quart Jar over it, slipping the cheesecloth cover out
from between them, and trapping the flies that flew
upwards.

This method resulted in small lots which were

easily handled and held the anesthetizing period uniform.
CO2 was Introduced into this quart Jar through
a hole in the cover.

A period of approximately one

minute was necessary to fill the chamber with COg and
another minute was usually sufficient to knock all the
flies down.

The flies were then transferred to the
* •

holding chamber.
Holding; the flies under anesthesia.
The apparatus for holding the flies under anesthe¬
sia consisted of a glass funnel with a Petri dish for a
cover.

The anesthetized flies rested on a piece of wire

screen Inside the funnel and were bathed in CO2 which
entered through the bottom of the funnel (Fig. 1).

The

flow of GO2 was adjusted by the size and speed of the
bubbles passing through the water filters.

By adjusting

to the proper flow, CO2 would be fed into the funnel
and slowly spill out over the edges under the Petri
dish cover.

To determine when these conditions were

A

■ ■ ~

L>>^L ^>

Fig.

1

1 - Equipment used in mounting
and treating flies.
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fulfilled, a lighted match was held at the rim of the
funnel.

When the C02 reached the top and overflowed,

the match was extinguished*
Separation of the sexes.
Equal numbers of each sex were used in the
tests.

When the flies were taken from the COg bath,

they were laid ventral side up on the table.

Sexlng

of the flies may be done with a glance at the genital
structures with a little practice and sufficient light.
When the flies are well fed, as these were, the abdo¬
men is distended and the differences in structures are
very evident.

In the case of unfed or desslcated flies

the terminal segments often are telescoped and differentia¬
tion is often impossible except by laborious methods.
exposure to C02 was helpful in this separation process.
Some of the females everted their ovipositor upon being
anesthetized and were thus more readily Identified.
MountIn# the flies.
The work area and equipment were arranged for
economy of motion in mounting the flies (Fig. l).

Once

underway, a rate of better than one fly per minute was
maintained.

With the melted paraffin on one side, and

the holding chamber on the opposite side; a fly was
selected, placed on its back and sexed.

The legs were

The
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Imbedded with the aid of a needle In the solidifying
paraffin on a nail head which had been dipped in the
liquid wax.

Further additions of paraffin for secur¬

ity were made by dipping the needle into the molten
paraffin and transferring a small amount to the legs
where needed.
The nails with mounted flies were secured in
holes in fiber board holding racks (Fig. 1).

These

were numbered and labeled as to sex and lot and were
then ready for application of the DDT.
Application equipment.
The application of the Insecticide was done with
a micro-pipette designed by Scholander et al.
(Fig. 2).

(1943)

It is an apparatus in which the spindle of

a micrometer displaces mercury in a well, which flows
through a U-tube forcing the insecticide before it.
This is mounted on a steady stand or base.
The apparatus consists of a U-tube (a), which
Joins a mercury well (B) at point C by a ground tapered
Joint, mounted on a micrometer (D).

The spindle of the

micrometer (S) is inserted into the well.

A fiber

washer (F) fits around the spindle and closes off the
open end of the mercury well.

A set screw at G is

tightened gently and a seal at the open end is achieved
by pressure of the glass into the fiber washer.

-

I,

2
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A - U -tube
B" M ercur'j well
C-Tapered joint
D-M i cro meter
E - S p i n d I e of
micro met er
F- Fi ber wa sher
G - Set screw
H-Bulb
I -Thimble
I “Insecticide column

-

2-Mercury column
3“ Air space (2-3 mm.)

— *

I

«

1
=
S

Fig.2

Diagram of Scholander

Apparatus
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To fill the apparatus, the U-tube (A) is removed
and the spindle (S) is reversed until it Is almost with¬
drawn from the mercury well.
filled with mercury.

The well and Its neck are

Next, mercury Is sucked into the

U-tube until the bulb (H) is almost filled.

Care was

taken not to use a great amount of force so as to avoid
sucking mercury into the operator’s mouth, as the bore
of the tube beyond the bulb is very slight and therefore
fills rapidly.

With the finger over the delivery end of
•

the U-tube, the tube is fitted into the well.

Some mer-

oury may be lost, but praotice reduces this loss to a
negligible amount.

Air bubbles are eliminated by draw¬

ing the spindle back until the level of the mercury is
below the lower end of the neck of the well and then
moving the spindle forward again.
The insecticide is drawn in by moving the spindle
forward until the dispaced mercury almost reaches the
delivery end of the U-tube.

This distance is determined

by practice and should be kept to the minimum necessary
to separate the mercury and the Insecticide.

The end of

the tube is immereed in the insecticide solution and the
spindle reversed, thus drawing in the desired amount.
During these tests, delivery was made only when
the end of the mercury was traveling along the horizontal

-

arm of the U-tube.
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This ruled out the possibility

that the amount delivered might vary with the affect
of gravity on the mercury column as it moved in the
vertical arms of the U-tube.
When the apparatus was not in use, acetone
(the solvent used with the DDT) was kept in the U-tube.
This would dissolve any DDT that might cling to the
bore of the tube and helped flush the opening when
crystallization after use blocked the end of the tube.
Measurement of the movement of the spindle is
shown by the location of the thimble (I) in relation
to its position along the longitudinal scale of which
the divisions 0 through about 6 are shown in the diagram.
Every revolution of the thimble moves it one division
along this scale.

Around the measurement end of the

thimble are 50 divisions.

These are used in conjunction

with the horizontal line which is part of the longitudi¬
nal scale.

In this way each division of the longitudinal

.

scale may be further divided by 50

These smaller di¬

visions were used in the test applications.

The move#

ment of one of these divisions displaces approximately
0.0003 ml.
Areas tested.
Four body areas were tested in this work.

The

first was the mouthpart area which was the labellum and
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the immediate surrounding parts when the proboscis was
in a folded position.
fly specks show,

This site was chosen because, as

the mouthparts very frequently touch

the surface on which the fly is resting.
this area will be termed mouthparts.

For brevity

The second area

was the raesothoracic scutum which is often referred to
as the thorax, the term used here.

This spot has been

treated by March and Metcalf (1949) and Wiesmann (1946,
1947) and was therefore included.
the ventral tip of the abdomen.

The third area was
This was tested because

of the possibility of egg laden females and engorged
flies dragging their abdomens over treated surfaces.
The fourth area tested was the wings.

Application was

made to the tips and the acetone flowed down toward the
base.

%

50

Coverage was fairly uniform and extended from 40-

of the length of the wing.

This area was chosen be¬

cause it seemed that the wings in landing and take-off
might pick up DDT and because much Insecticide gets on
the wings in space spraying (David 1946).
Insecticide, concentrations and amount applied.
»

DDT dissolved in acetone was used.

For the

laboratory and Ellsworth strains one per cent solutions
were prepared and diluted to 0.25$*

This dosage in two

division lots resulted in application of approximately
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0.0012 mg. of DDT per fly.

This amount was chosen af¬

ter preliminary tests with other dilutions and amounts
because it produced between 40 and 60% mortality In
tests with laboratory flies.

A dosage which produced

less than 100$ was necessary for the type of tests
i

*

being done.
For the Multi-I strain a stronger concentration
was necessary because of the greater resistance of this
strain.

In order to get measureable effect and facili¬

tate comparisons the dosage was raised to twenty times
that used for the other strains.

This was achieved by

using 5 divisions of 2$ which resulted In approximately
0.024 mg. per fly.
Although the drops of insecticide solution were
small, evaporation was of very little consequence bei

cause less than one second elapsed from the time the
drop was run out to the time it was applied.
Temperature and moisture.
Temperature was controlled thermostatically.
Moisture was supplied to the cabinets from open pans
and Jars with wicks.

Relative humidity was measured from
Relative humidity

iTJ*

time to time (once during each test).

was averaged and this with the average dry bulb reading
was used to compute the saturation deficiency (Buxton
1931).

- 31 -

The rearing and testing were both done under
the same temperature and moisture conditions.
Influence of acetone on mortality.
Amounts of acetone corresponding to those used
as the solvent for the DDT had no apparent Influence
on mortality (Table 2).

The mortality in the acetone

tests is not greater than that in the untreated tests
so the deaths may be due to handling as was probably
often the case in the untreated checks.
In one case 5 males and 5 females of the labor¬
atory strain were thoroughly wet with acetone by dipping.
All died.

Since this gross treatment far exceeded the

amounts used in the tests, no importance is attached to
this.
Kumber of flies treated.
In the applications to the thorax the number of
flies tested under each condition in the three strains
varied from 60-115*

In the abdomen tests the variation

was 60-105 and in the raouthparts it was 60-120.

In the

case of the wings only 20 flies were tested except for
¥

one time when 40 were treated.
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Table 2
Influence of Acetone Applied to
Thorax on Mortality of Three
Strains of Files.

Male
Alive Dead

Female
Alive Dead

Laboratory
27°
27?
32°
32°

6 mm.
9.5 mm.
10.0 mm.
13 mm.

—

--

••

—

15
18

1
0

15
21

0
0

6 mm.
9.5 mm.
10.0 mm.
13 mm.

....

——

—

——

10
25
26

0
2
0

10
25
24

0
1
0

a.. 6 mm.

——

—

—

—

C., 9.5 mm*
C., 10.0 mm.
C., 13 mm.

14

0

0

—

--

14

0

17
—
16

C.,
C.,
C.,
C.,

mmmm

Ellsworth
27°
27°
32°
32°

C..
C.,
C..
C..

Multi-I
27°
27°
32°
32°

—

0
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PRESENTATION AND DISCUSSION OF DATA
Relative susceptibility of the parts of the body tested.
The body areas tested varied In susceptibility.
The areas treated have been arranged in the order of
their susceptibility under the various conditions (Table
3).

In each culture, the mortalities under the four

physical conditions were averaged for each of the body
areas.

When these figures were tabulated a general

trend of the relative susceptibility, as Judged by
mortality, of the areas tested was noted.
The mouthparts were the moet susceptible to DDT
in all cases, followed by the thorax and abdomen which
were rather close and the wings were the least suscep¬
tible.
Wiesmann (1947) using knockdown time without re¬
covery as a basis of toxicity, shows similar results
(Table 1) with his Basle strain of house flies - thorax
and abdomen equal followed by wings.

In the case of

the Arnas strain (a DDT-resistant strain) the ranking
is abdomen, wings, and thorax.

In both cases the head
»

is by far the least susceptible area.

However, this is

probably the upper plates of the head, and the compound
eyes and thus not comparable to the mouthpart areas
here tested.

Wiesmann (1946) stated that symptoms

were produced by touching the proboscis with DDT, but
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Table 3

Average of Per Cent Mortalities
under All Fhyslcal Conditions

Culture

Area Treated

Average Per Cent
Mortality
Female
Male

»

M

70

76

T

59

76

A

56

66

W

4

8

M

45

60

T

43

52

A

35

46

W

6

8

M

28

50

T

17

39

A

14

23

W

3

6

Laboratory

Ellsworth

Multi-I
*

not by touching the compound eyes In the case of Calllphora vomltorla L.

This demonstrates the great differ¬

ence in Calllphora. in these two parts*
Very little kill was obtained in any of the tests
with wings.

Since this prevailed under all physical con¬

ditions, fewer tests were made at this site*

Wiesmann

(1946) reports typical DDT symptoms on touching the sense
organs located on the wing veins of Calllphora vomltorla
L.
Reaction time varied as the distance from the site
to the wing base.

Wiesmann (1947) reported knockdown

without recovery by application of 1% DDT in acetone by
dabbing on the wings of house flies.

Such a technique

would probably result in the application of larger doses
than used here.

This result held true for both the labora¬

tory and resistant strains.

David (1946) mentions incom-

pleted work which Indicates that DDT may be absorbed
through the wings.
Prom this it would seem that DDT may act through
the wings if it contacts the sense organs on the wing
veins in sufficient quantity.

In these tests, taking into

consideration David*s statement that DDT may penetrate the
wings, it seems that the small amount and location of the
toxicant kept the mortality low.
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The greater susceptibility of the mouthparts
in proportion to the other areas, which is especially
emphasized in the case of the DDT-resistant Kulti-I
strain, suggests that bait-sprays might be a profitable
•

• *

area of exploration.
Influence of moisture on mortality.
Under the conditions of these tests, an Increase
in atmospheric moisture, generally, resulted in an in¬
crease in mortality (Tables 4, 5, and 6).
These results are at variance with the ideas put
forth by Hurst (1947),

He reports a paralellism of

increased water loss by cuticular transpiration and in¬
creased action of DDT.
place in these studies.

This does not appear to be taking
If it were, the mortality under

the drier conditions - those most conducive to trans¬
piration - would have been higher than under the more
moist conditions.
Influence of temperature on mortality.
The higher mortality occurred at the higher tem¬
perature (Tables 7# 8 and 9).

In the tables it will be

noted that the saturation deficiencies differ under the
two temperature conditions.

As shown above, the more

moist condition produces the higher mortality when tem¬
perature remains constant.

Twenty-seven degrees is the
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Table 4
Effect of moisture on per cent of mortality
of laboratory culture.

2Z2 C.
Female
Saturation deficiency
Thorax
Abdomen-ventral
Mouthparts
Wings

Male

6.0 mm. 9.5 mm.

6.0 mm. 9.5 mm.

34
42
61
0

87
83
76
0

95
78
82
0

54
68
72
5

?2° £•
Male

Female
Saturation deficiency
Thorax
Abdomen-ventral
Mouthparts
Wings

10.0 mm. 13 mm .
48
58
75
5

69
42
67
10

10.0 mm. 13 mm.
48
68
83
10

71
50
69
15

Table 5
Effect of moisture on per cent
mortality of Ellsworth culture.

27° C.

Saturation deficiency
Thorax
Abdomen-ventra1
Mouthparts
Wings

Female

Male

6.0 mm. 9.5 mm.

6.0 mm. 9*5 mm.

53
45
40
5

21
12
25
0

67
52
55
0

o

CM
KM

<7,

Male

Female
Saturation deficiency
Thorax
Abdomen-ventral
Mouthparts
Wings

10.0 mm. 13 mm.
70
65
72
15

30
29
43
0

28
21
43
5

10.0 mm. 13 mm.
74
75
82
5

37
28
58
15

Table 6
Effect of moisture on per cent
mortality of Multi-I culture.

27° 0.
Male

Female
Saturation deficiency
Thorax
Abdomen-ventral
Kouthparts
Wings

6.0 mm. 9.5 mm.
11
5
15
0

6.0 mna. 9.5 mm.

1
7
8
5

31
13
34
5

26
12
38
5

•

32° C.
Male

Female
Saturation deficiency
Thorax
Abdomen-ventral
Mouthparts
Wings

10.0 mm. 13 mm .
29
33
53
5

28
14
38
0

10.0 mm. 13 mm.
48
33
70
10

52
32
60
5

Table 7
Effect of temperature on per cent
mortality of laboratory culture.

Male
27° <?.
Thorax
Abd omen-ventral
Mouthparte
Wings

(9,5 mm.)

32° C.

(10.
48
66
83
10

54
68
72
5

Female
27° C.
Thorax
Abdomen-ventral
Mouthparte
Winge

(9.5 mm.)
34
42
61
0

32° C.

(10.0 mm.)
48
58
75
5
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Table 8
Effect of temperature on per cent
mortality of Ellsworth culture.

Male
27° J.
Thorax
Abdomen-ventral
Kouthparts
Wings

(9.5 am.)

32° C.

30
28
43
0

(10.0 am.)
74
75
81
5

Female
27° 5.

>

t

Thorax
Abdomen-ventral
Kouthparts
Wings

(9.5 m®.}
21
12
25
0

32° 0,

(10
70
65
71
15
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Table 9
Effect of temperature on per cent
mortality of Multi-I culture

Male
27° C.
Thorax
Abdomen-ventral
Kouthparts
Wings

(9.5 an.)

32° C.

26
11
38
5

(10.0 am.)
49
38
70
10

Female
27° G.
Thorax
Abdomen-ventral
Mouthparts
Wings

(9.<5 mm.)
1
7
8
5

32° 0.

(XQ.O mm.)
29
33
53
5

-
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more moist condition (9»5 mm*) which tends to raise
the mortality; 32° is the drier condition (10,0 mm.)
which tends to lower the mortality.

Moisture is there¬

fore acting to bring the two sets of data nearer together.
Since there is still a definite difference, this is
attributed to the action of temperature.
In view of the fact that temperature has, under
the conditions of these tests, resulted in greater mor¬
tality, the dehydrochlorinatlon of DDT mentioned by
Gunther (1945) seems to be of very minor importance at
these lower temperatures.

In all probability the rate

of change is imperceptibly slow at these temperatures.
To be of importance to this problem, the dehydrochlori¬
nation would have to take place in the first part of the
twelve hour test period,

since with the type of applica¬

tion used, DDT is free to be absorbed and to act immedi¬
ately.

Thus, the change would have to take place rapidly

to result in dehydrochlorinatlon and lowering of toxicity.
Dustan (1947) working with Plutella tnacullpennls
and Phylcaenla rublftalls states that a rise in tempera¬
ture resulted in a drop in mortality due to DDT.
quist et al.

Lind¬

(1945), working with adult house flies and

Hurst (1947) working with calliphorld larvae showed
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that lnseots knocked down at one temperature could be
revived by removal to higher temperatures and again
knocked down on retransfer to the lower temperature.
Lower temperatures, therefore, are favorable to the
knockdown effect of DDT.

Whether this is synonymous

with killing effect is not indicated.

If so, these

results are the opposite of those presented here.
Pradhan (1949) generalizes that:

(1) insect

resistance to poisons rises with temperature up to a
point where it decreases,

(2) amount of poison reaching

the site of action is affected by temperature in vari»

ous ways depending on circumstances, and (3) that rise
or fall of toxicity with increase or decrease of tem¬
perature is the resultant of resistance to and pick-up
of the toxicant.
In line with Pradhan*s first point it might be
argued that the resistance of the flies in the tests
reported herein had decreased because the temperature
had gone beyond the range where the increase in resist»

ance occurs.

However, the high temperature used in
f

these tests was around 90^ F. while those of Lindquist
et al. were 80°-100° F. and that of Hurst 96.8° F.
puts their higher temperatures above that used here.

This

-
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which would mean that If the temperatures used here
were In the zone of decrease in resistance, those of
Lindquist et al. and Hurst were In It also*

Therefore,

they too should get higher mortality at these high
temperatures.
In this work the amount of insecticide was
constant in all cases since the applications were topi¬
cal and the insects were secured in the paraffin.

Thus,

the variation in pick-up due to activity, which would
be governed by temperature and humidity (Dakshinamurty
1948), was eliminated.

While this would seem to rule

out Pradhan*s second point as an explanation for the
variation in mortality from one set of conditions to
another, it is possible that the spreading of the insec¬
ticide differed at the two temperatures and thus influenced
penetration.
Since Pradhan states in hie third point that
rise and fall in mortality with temperatures is the
resultant of pick-up and resistance, it would seem, since
pick-up is constant, that the results arrived at here
»

are due to variation in the resistance of the insect
and that the higher temperature could have been in the
zone beyond that in which resistance rises with tempera¬
ture
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Fan et. al.

(1948) reported a positive temper¬

ature coefficient for mortality at higher DDT concen¬
trations.
They used Culicine larvae and immersed them
in very dilute DDT solutions (1-10,000,000).

In my

case adult flies were used, topical application was
made, and solutions of very much greater strength
(0.25# and 2.0#) were used.
With these great differences it is interesting
to note that it was found that the higher mortality
occurs at the higher temperature, a positive coeffic¬
ient.
The combined Influence of temperature and moisture on
mortality.
Lindquist et al.

(1945) state that as the hold¬

ing temperature Increased, the mortality of house flies
exposed to residual deposits of DDT decreased, regard¬
less of exposure temperature.

The data presented

herein indicates the opposite trend.
They conducted their experiments under humidity conditions ranging from 60 to 70# relative humidity.
These humidities were used at holding temperatures of
70, 90 and 100° F.

Maintaining constant relative

humidity and raising the temperature, results in drier

-
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conditions at each successively higher temperature,
better shown by transformation of their data to satu¬
ration deficiency (Table 10)•

From these figures it

may be seen that the conditions of Lindquist et al.
varied both in moisture and temperature.

Since this

is true, the differences in mortality cannot be
ascribed to temperatures alone.

In all cases where

the temperature was high, the environment was also dry.
Considering the data in their Table 2 and speak
ing in relative terms we find that no matter whether
the flies were treated under "dry-hot” or "moist-warm"
conditions, survival was favored by ’’dry-hot" condi¬
tions.

This idea is further supported by the fact

that the knockdown was much slower at the "dry-hot"
conditions.
In this work when moisture was kept constant,
the lower temperature favored survival.

When tempera¬

ture was maintained constant, the drier condition
favored survival.

Combining these two, survival is

favored by a "dry-warm" combination which agrees on
moisture, but not on temperature with Lindquist et al.
Since the moisture conditions at the higher
temperature of Lindquist et al. are drier than at the
lower temperature, and considering that my data and
theirs both show drier conditions favoring survival.

Table 10

/'

Saturation deficiencies in mm*
corresponding to 60 and 70 per cent
relative humidity at temperatures
used by Lindquist et al. (1945).

60£

Z0£

7.0/

5.5

Temp. °F.
70
80

10.0

90

14.5

10.5

100

20.0

14.0/

7.5/

it may be possible that humidity, not temperature, is
the important factor influencing their results.
Dakshinamurty (1948) found that activity of
flies was at its greatest when temperature was high
*

‘

and relative humidity was low.

.

»

•

.

»

These conditions are

similar to those which, according to Lindquist et al.,
favored survival.
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SUMMARY

House flies mounted Individually with their
feet imbedded in wax were treated with DDT in acetone
by topical application on the mouthpart area, the
dorsal thorax, the ventral abdomen and the wings.
Series were run at two saturation deficiencies at
each of two temperatures, 27 and 32° G.

The number

of flies tested under each condition were:

mouthparts

60-120, dorsal thorax 60-115# ventral abdomen 60-105,
and wings 20 (except for one test of 40).
It was found that mortality tended to be higher
at the more moist condition and that the higher temper¬
atures produced higher mortality when humidity remained
almost constant.
In general, the mouthpart area was the most
susceptible site tested.
in that order.
part tested.

The thorax and abdomen followed

The wings were the least susceptible
In the case of the ^.ulti-I strain, a

DBT-reslstant strain, the mouthparts, in proportion to
the other areas tested, were more susceptible than in
the case of the Laboratory and Ellsworth strains.
The greater susceptibility of the mouthpart area
in all strains and especially in the resistant strain.

suggests that further investigation on this phase of
the problem, with particular reference to residues
more gustatorially attractive to flies, might be pro¬
fitable*

-
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